It is known that deficiency of dietary zinc has caused hyperparakeratosis in orthokeratinized epithelia of skin and oral mucosa as well as growth retardation in several experimental animals1-3). Since the demonstration by McConnell and Henkin (1974) 4) that a zinc-deficient diet caused hypogeusia in rat, interest has developed on the possible relationship between gustatory disorder and zinc5-7). This communication describes briefly the morphological changes of the tongue, especially the gustatory area, in zinc-deficient rats together with a discussion concerning the pathogenesis of the gustatory disorder.
Materials and Methods
Fifty male weanling rats were separated into experimental groups of 30 animals and 20 controls of matching body weights. The experimental animals were fed a zinc deficient diet containing 1.3 ppm zinc and the control animals were placed on the same diet supplemented by zinc carbonate at 40 ppm. The experimental animals were supplied with distilled water and the controls with tap water. After four weeks on these diets, the rats were perfused under anesthesia through the left ventricles with 2.5% glutaraldehyde. The tongue tips were immersed in isoamyl acetate after dehydration in ethanol, the critical point dried and coated with gold palladium to be examined under a JSM-25 scanning electron microscope (SEM). Some tissues were embedded in paraffin for light microscopic examination.
Results and Discussion
All of the zinc-deficient rats showed marked retardation of growth, loss of hair and skin changes ( Fig. 1 ). On gross examination, the dorsal surface of the tongue of the experimental animal was shrived, often fissured and discolored whitely. Under examination by light microscopy, the dorsal epithelium of the zinc-deficient rat tongue remarkably increased in thickness and indicated hyperparakeratosis (Figs. 2, 3, 4 and 5) . These hyperparakeratotic changes were conspicuous in the valleys between the filiform papillae. The fungiform papilla along with their taste pore was covered with keratinized cells (Fig. 5 ). Microabscess and cell death were found occasionally in the epithelium of the spinosus layer ( Fig. 6 ).
When observed by SEM, remarkable changes were seen on the dorsal surface of the tongue. In zinc-deficient rats , no fungiform papilla could be found on the dorsal surface, even on the tongue tips where the greatest accumulation of the fungiform papillae was seen8). A large number of keratinized cells and cell debris were piled up between the tips of the filiform papillae.
Several mechanisms on the pathogenesis of the hyperparakeratosis in zinc-deficiency have been discussed1,2,9) and are summarized by Chen (1980)3) as follows: 1) accelerated cell proliferation, 2) reduced desquamation rate, and 3) failure of enzymatic breakdown of nuclei and organelles in the keratinizing cells. It is known that zinc plays an important role in the taste sensation of humans10). 
